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Abstract 
Heterosis over better parents was estimated in thirty crosses of China aster involving six 
lines viz., Matsumoto Pink, Matsumoto Red, Matsumoto Rose, Matsumoto Yellow, Matsu-
moto Scarlet and Matsumoto White and five testers viz., Phule Ganesh Violet, Phule 
Ganesh Purple, IIHRJ3-2, IIHRG13 and Local White during 2016-17 at ICAR-Indian Insti-
tute of Horticultural Research, Bengaluru during 2016-17. Results revealed that the cross 
L6 × T5 exhibited highest positive significant heterobeltiosis at 5% level of significance for 
plant height (33.85), flower stalk length (73.76), number of flowers per plant (101.18), 
weight of flowers per plant (47.90) and flower yield per hectare (47.91). The cross L1 x T3 
exhibited maximum negative heterobeltiosis for days to first flowering (-47.41). L5 x T4 
recorded the maximum positive heterobeltiosis (at 5%) for flower head diameter (26.44) 
and 100 flower weight (3.41). 
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INTRODUCTION 
China aster belongs to the family Asteraceae and 
is native of Northern China (Navalinskien et al., 
2005). It is one of the most popular annual flower 
crops cultivated widely due to existing of various 
colours ranging from violet, purple, magenta, pink 
and white; forms, sizes and comparatively longer 
vase life (Dilta et al., 2007). It is grown commer-
cially as cut flower for flower arrangement, interior 
decoration and loose flower garland making, wor-
shipping (Munikrishnappa, 2013). It can also be 
grown as bedding plant and potted plant in land-
scaping (Bhargav et al. 2016). China aster is com-
mercially grown by marginal and small farmers in 
Karnataka, Tamil Nadu, Telangana, Andhra Pra-
desh, Maharashtra and West Bengal states of 
India (Kumari et al., 2017). In Karnataka alone, it 
is grown in an area of 1693 ha with productivity of 
9.39 t/ha (Anonymous, 2016).  
However, information on heterosis is meager in 
China aster. Exploitation of heterosis proved to be 
most viable method of breeding in increasing 
productivity and the production. The hybrids have 
various advantages over open pollinated varieties 
such as earliness, profuse and uniform flowering, 
increased flower weight, large flower size, elon-
gated flower stalk, longer flower duration etc. 
Hence, the present study was carried out to esti-
mate het-erobeltiosis in 30 crosses for vegetative, 
flowering, yield and vase life traits in China aster. 
MATERIALS AND METHODS 
An experiment was carried out in the Floriculture 
and Medicinal Crops, ICAR-Indian Institute of Hor-
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ticultural Research, Hesaraghatta Lake Post, Ben-
galuru, India during 2016-17. The experimental 
site was geographically located at 13o 58’ N Lati-
tude, 78oE Longitude and an elevation of 890 m 
above mean sea level. A total of 30 F1 hybrids 
were developed through crossing in Line x Tester 
mating design (Table 1); six lines viz., Matsumoto 
Pink, Matsumoto Red, Matsumoto Rose, Matsu-
moto Yellow, Matsumoto Scarlet and Matsumoto 
White, and 5 testers viz., Phule Ganesh Violet, 
Phule Ganesh Purple, IIHRJ3-2, IIHRG13 and 
Local White were used for crossing. The experi-
ment was laid out in randomized complete block 
design with two replications and 20 plants in each 
were planted at a spacing of 25 x 25 cm under 
open field conditions. Five random plants per rep-
lication were selected for recording various obser-
vations on plant height (cm), number of leaves per 
plant, plant spread (cm), number of branches per 
plant, days to first flowering, flower stalk length 
(cm), flower head diameter (cm), 100 flowers 
weight (g), number of flowers per plant, weight of 
flowers/plant (g), duration of flowering (days) and 
vase life (days). The recommended agronomical 
practices were adopted to raise the successful 
crop. 
All statistical analysis were performed using WIN-
DOSTAT version 8.6 (statistical software devel-
oped by Indostat Services, Hyderabad) licensed 
to LAN Indian Institute of Horticultural Research, 
Hessaraghatta, Bangalore. Data were uniformly 
recorded and subjected to analysis of variance 
(Singh and Chaudhary,1985). Heterobeltiosis was 
estimated using the following formula (Hallauer 
and Mir-inda, 1988): 
Heterobeltiosis (%) =   F1-BP x 100  …………Eq.1 
                                        BP                     
where, F1 = Mean of F1 hybrid, 
BP = Value of better parent 
RESULTS AND DISCUSSION 
Analysis of variance showed highly significant 
differences due to parents for all the traits indicat-
ing that experimental material had sufficient ge-
netic variability for all the traits under study. The 
genotypic variance was further partitioned into 
variance due to parents, parents vs cross and 
crosses. The mean square due to parents and 
crosses were highly significant for all the traits 
indicating that the performance of crosses was 
different than that of parents for most of the traits. 
However, mean square due to parents vs. cross 
were also highly significant except for number of 
branches per plant and number of flowers per 
plant (Table 2). 
Heterobeltiosis estimates in 30 crosses for vege-
tative traits are presented in Table 3. Plant height 
is an important character which determines the 
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Table 1. Cross combinations of lines (L) x testers (T) evaluated for heterobeltiosis. 
Sl. No. Cross Cross combinations 
1. L1 × T1 Matsumoto Pink x Phule Ganesh Violet 
2. L1 × T2 Matsumoto Pink x Phule Ganesh  Purple 
3. L1 × T3 Matsumoto Pink x IIHRJ3-2 
4. L1 × T4 Matsumoto Pink x IIHRG13 
5. L1 × T5 Matsumoto Pink x Local White 
6. L2 × T1 Matsumoto Red x Phule Ganesh Violet 
7. L2 × T2 Matsumoto Red x Phule Ganesh Purple 
8. L2 × T3 Matsumoto Red x IIHRJ3-2 
9. L2 × T4 Matsumoto Red x IIHRG13 
10. L2 × T5 Matsumoto Red x Local White 
11. L3 × T1 Matsumoto Rose x Phule Ganesh Violet 
12. L3 × T2 Matsumoto Rose x Phule Ganesh Purple 
13. L3 × T3 Matsumoto Rose x IIHRJ3-2 
14. L3 × T4 Matsumoto Rose x IIHRG13 
15. L3 × T5 Matsumoto Rose x Local White 
16. L4 × T1 Matsumoto Yellow x Phule Ganesh Violet 
17. L4 × T2 Matsumoto Yellow x Phule Ganesh Purple 
18. L4 × T3 Matsumoto Yellow x IIHRJ3-2 
19. L4 × T4 Matsumoto Yellow x IIHRG13 
20. L4 × T5 Matsumoto Yellow x Local White 
21. L5 × T1 Matsumoto Scarlet x Phule Ganesh Violet 
22. L5 × T2 Matsumoto Scarlet x Phule Ganesh Purple 
23. L5 × T3 Matsumoto Scarlet x IIHRJ3-2 
24. L5 × T4 Matsumoto Scarlet x IIHRG13 
25. L5 × T5 Matsumoto Scarlet x Local White 
26. L6 × T1 Matsumoto White x Phule Ganesh Violet 
27. L6 × T2 Matsumoto White x Phule Ganesh Purple 
28. L6 × T3 Matsumoto White x IIHRJ3-2 
29. L6 × T4 Matsumoto White x IIHRG13 
30. L6 × T5 Matsumoto White x Local White 
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utility of the hybrid. Taller plants with longer stalks 
are preferred for cut flowers, whereas shorter ones 
are selected for landscaping and pot culture. The 
heterobeltiosis for plant height ranged from -41.96 
(L4 x T4) to 33.85 (L6 x T5). Among 30 crosses, 
four crosses showed significant positive het-
erobeltiosis and 16 crosses showed significant 
negative heterobeltiosis. The cross L6 x T5 (33.85) 
showed significantly highest positive heterobelti-
osis at 5% level of significance followed by L5 x T1 
(31.64), L2 x T3 (19.35) and L5 x T5 (16.14). 
Panwar et al. (2013) observed both significantly 
negative and positive heterobeltiosis for plant 
height in marigold. In the present study, the het-
erobeltiosis for number of leaves per plant in China 
aster ranged from -33.61 (L5 x T2) to 45.23 (L1 x 
T4). Among 30 crosses, 9 recorded significantly 
positive heterobeltiosis.   
Plant spread is another trait which decides the 
utility of the crop. Erect plants suitable for cut flow-
ers, however, spreading types for bedding and pot 
purpose. Heterobeltiosis for plant spread varied 
from -34.72 (L5 x T2) to 61.39 (L1 x T5); 6 crosses 
shown significantly positive heterobeltiosis and 20 
crosses showed significantly negative heterobelti-
osis. The cross L1 x T5 (61.39) displayed highest 
followed by L6 x T5 (56.29). Heterobeltiosis for 
more number of branches per plant is desirable as 
more branches produces more number of flowers 
per plant. Heterobeltiosis ranged from -57.58 (L5 x 
T2) to 42.06 (L5 x T1). Among 30 crosses, three 
crosses revealed positively significant heterobelti-
osis and 12 crosses showed significantly negative 
heterobeltiosis. The cross L5 x T1 (42.06) record-
ed the best followed by L5 x T5 (31.97) and L2 x 
T3 (23.16). Kumari et al. (2018) reported good 
amount of heterobeltiosis for number of branches 
per plant in the cross of Arka Aadya x Local violet 
(L3 x T2) in China aster. The exhibition of hetero-
sis is also depends upon the genetic constitution of 
the parents used in the cross combinations. 
Heterobeltiosis estimates in 30 crosses for flower-
ing, flower quality, flower yield and vase life are 
presented in Table 4. Days to first flowering is a 
negative trait as earliness is preferred over late-
ness. Plant earliness is an important character, 
which helps farmers to fetch more price in early 
market. Heterobeltiosis for this trait ranged from -
47.41 (L1 x T3) to -6.50 (L5 x T4). All the 30 cross-
es showed significantly negative heterosis at 5% 
level of sigificnce for days taken for first flowering. 
The cross L1 x T3 (-47.41) displayed minimum 
heterobeltiosis followed by L1 x T2 (-46.36). 
Kanwar et al. (2016) have also reported earliness 
in marigold hybrids. 
Flower stalk length and flower head diameter are 
decisive traits for selection of a genotype for com-
mercial cultivation. The heterobeltiosis for flower 
stalk length among the crosses varied from -48.62 
(L3 x T4) to 73.76 (L6 x T5). Among 30 crosses, 3 
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crosses showed significantly positive heterobelti-
osis and 15 crosses were shown significantly neg-
ative. The cross L6 x T5 (73.76) recorded as the 
best. Flower head diameter is an important char-
acter for selecting a hybrid. Heterobeltiosis for 
flower head diameter ranged from -15.81 (L4 x 
T3) to 26.44 (L5 x T4). Among 30 hybrids, five 
crosses showed significantly positive heterobelti-
osis and 10 crosses showed significantly negative 
heterobeltiosis. The best cross combination was 
L5 x T4 (26.44) followed by L5 x T5 (15.47). 
Since, the crosses made between the divergent 
parents, negative heterobeltiosis were observed 
for both stalk length and flower diameter. 
One-hundred flowers weight, number of flowers 
per plant and weight of flowers per plant are con-
tributed directly to flower yield. The heterobeltiosis 
for 100 flower weight ranged from -54.30 (L4 x T2) 
to 3.41 (L5 x T4). Among the 30 crosses, except 
one cross all other showed significantly negative 
heterobeltiosis. The cross L5 x T4 (3.41) recorded 
as the best significant positive heterobeltiosis. The 
heterobeltiosis for number of flowers per plant 
varied from -73.68 (L5 x T2) to 101.18 (L6 x T5). 
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Among the 30 crosses, 3 crosses showed signifi-
cantly positive relative heterosis and 23 crosses 
showed significantly negative relative heterosis. 
The cross L6 x T5 (101.18) recorded the best fol-
lowed by L5 x T5 (31.12) and L5 x T1 (10.99). 
The duration of flowering is important trait for 
landscape garden and in commercial cultivation 
as it facilitates extended number of pickings. For 
duration of flowering heterobeltiosis ranged from -
40.97 (L4 x T4) to 60.14 (L4 x T2). Among 30 
crosses, nine crosses showed significantly posi-
tive heterobeltiosis and 9 were significantly nega-
tive. The cross L4 x T2 (60.14) recorded maxi-
mum significantly positive heterobeltiosis followed 
by L6 x T5 (48.48) and L5 x T1 (42.86).  
The heterobeltiosis for weight of flowers per plant 
varied from -85.52 (L5 x T2) to 47.90 (L6 x T5). 
Among the 30 hybrids, one cross showed signifi-
cantly positive heterobeltiosis and 27 crosses 
showed significantly negative heterobeltiosis. The 
cross L6 x T5 (47.90) showed highest significant 
positive heterobeltiosis. Since, the crosses made 
between the divergent parents, hence, negative 
heterobeltiosis were observed in most of the cross 
Table 3. Estimates of heterobeltiosis in China aster for vegetative traits. 
Sl. No. Cross Plant height 
(cm) 
Number of leaves/
plant 
Plant spread 
(cm) 
Number of branch-
es/plant 
1. L1 × T1 -7.85 -7.90 -33.12** -9.23 
2. L1 × T2 -23.27** -23.44** -16.18** -36.69** 
3. L1 ×T3 -5.46 4.78 -20.49** -29.16** 
4. L1 ×T4 -8.68* 45.23** -10.90 5.32 
5. L1 ×T5 -6.90 -20.07** 61.39** 15.00 
6. L2 × T1 -29.61** -4.87 -32.49** -3.33 
7. L2 × T2 -9.87* -32.76** -13.59** -27.84** 
8. L2 ×T3 19.35** 16.73* -13.33** 23.16* 
9. L2 ×T4 -30.21** 20.00* -29.46** -20.45 
10. L2 ×T5 -5.52 -13.71* 14.09 3.96 
11. L3 × T1 -24.51** -16.15* -29.97** -34.44** 
12. L3 × T2 -17.69** -30.51** -7.25 -34.79** 
13. L3 ×T3 -2.26 20.73** -12.68* -22.53* 
14. L3 ×T4 -23.33** 12.86 -24.86** -17.41 
15. L3 ×T5 -3.18 -1.69 28.39** 7.98 
16. L4 × T1 -8.82* 0.77 -13.15** -6.71 
17. L4 × T2 -9.87* -31.92** -7.83 -40.49** 
18. L4 ×T3 -23.68** 12.77 -24.23** -31.15** 
19. L4 ×T4 -41.96** 15.23 -18.41** -40.14** 
20. L4 ×T5 -29.52** -8.35 15.87* -5.61 
21. L5 × T1 31.64** 19.17** -13.88** 42.06** 
22. L5 × T2 -30.73** -33.61** -34.72** -57.58** 
23. L5 ×T3 2.26 23.12** -16.74** 18.51* 
24. L5 ×T4 -1.81 -17.63* -13.26* -35.59** 
25. L5 ×T5 16.14** 3.01 40.18** 31.97* 
26. L6 × T1 2.94 -12.02 14.20** -2.52 
27. L6 × T2 -10.84** -22.59** -28.08** -43.68** 
28. L6 ×T3 7.33 16.73* -18.38** -7.31 
29. L6 ×T4 -23.87** 30.99** -30.56** -1.50 
30. L6 ×T5 33.85** 20.41** 56.29** 11.73 
  SEm ± 1.70 1.47 1.21 1.14 
  C.D. 
(P=0.05) 3.47 3.00 2.48 2.32 
  C.D. 
(P=0.01) 4.67 4.04 3.34 3.13 
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 6 
combinations for 100 flowers weight, number of 
flowers/plant and weight of flowers/plant. The re-
sults are in accordance with the findings of Pavani 
(2014) in the crosses attempted with divergent 
parents in China aster. 
Flower yield is the most important trait for com-
mercial cultivation of China aster flowers. Flowers 
with good quality character along with good yield 
will always be preferred by growers. The het-
erobeltiosis for flower yield per hectare varied 
from -85.53 (L5 x T2) to 47.91 (L6 x T5). Among 
the 30 hybrids, only one cross showed significant-
ly positive heterobeltiosis i.e. L6 x T5 (47.91). Ku-
mari et al. (2018) also observed similar phenome-
non for duration of flowering and it ranged from -
0.49 (Arka Violet Cushion x Local Violet) to 84.64 
(Arka Poornima x Arka Shashank) and flower 
yield per hectare, ranged from -41.21 (Arka 
Archana × Arka Shashank) to 47.09 (Arka Aadya 
× Local Violet) in China aster. Kanwar et al. 
(2016) and Panwar et al. (2013) also observed 
significantly negative and positive heterobeltiosis 
for duration of flowering and flower yield per hec-
tare in marigold.  
Vase life is an important postharvest trait for cut 
flower. Heterobeltiosis for vase life varied from -
44.03 (L4 x T4) to 36.78 (L6 x T1). Among the 30 
hybrids, 2 crosses showed significantly positive 
heterobeltiosis and 24 crosses showed significant-
ly negative heterobeltiosis; hybrids, L6 x T1 
(36.78) and L5 x T5 (22.25) showed significant 
positive heterobeltiosis. 
Conclusion 
It can be concluded that heterobeltiosis can be 
exploited for vegetative, flowering, flower quality, 
yield related traits and vase life by selecting the 
appropriate cross combinations in China aster. 
Since, these are the essential traits which directly 
or indirectly affect the production potential of the 
crop, therefore, emphasis may be given on devel-
opment of F1 hybrids with improved flower quality 
and yield in China aster. 
REFERENCES 
1. Anonymous. (2016). Horticulture Crop statistics of 
Karnataka State at a glance 2015-16. Department of 
Horticulture, Lalbagh, Bengaluru. p. 37. 
2. Bhargav, V., Sharma, B.P., Dilta, B.S., Gupta, Y.C. 
and Negi, N. (2016). Effect of different plant spacings 
and cultivars on growth, flowering and seed produc-
tion of China aster [Callistephus chinensis (L.) Nees]. 
Res. Envi. Life Sci., 9(8): 970-972. 
3. Dilta, B.S., Gupta, Y.C. and Sharma, P. (2007). Effect 
of different planting dates on performance of China 
aster (Callistephus chinensis Nees) varieties. Asian 
J. Horti., 2(2): 245-248. 
4. Hallauer, A.R., Miranda, J.B. 1988. Quantitative Ge-
netics in Maize Breeding. Iowa State Univ Press, 
Ames, p.468. 
5. Kanwar, P., Gupta, Y.C., Dhiman, S.R., Dogra, R.K., 
Sharma, M. and Bansal, M. (2016). Heterobeltiosis in 
French marigold (Tagetes patula L.). J. Agri. Sci., 8
(8): 182-193. 
6. Kumari P., Kumar R., Rao T.M., Bharathi T.U., 
Dhananjaya M.V. and Bhargav V. (2017). Evaluation 
of China aster [Callistephus chinensis (L.) Nees] F1 
hybrids and parents for growth, flower quality, yield 
and postharvest life. International J. Curr. Microbio., 
App. Sci., 6(8): 1543-1549. doi: 10.20546/
ijcmas.2017.608.185 
7. Kumari, P., Rajiv Kumar, Manjunatha Rao, T. Usha 
Bharathi, T., Dananjaya, M.V. and Bhargav, V. 
(2018). Exploitation of heterosis for growth, flower 
quality and yield traits in China aster (Callistephus 
chinensis). Indian J. Agri. Sci., 88(3): 453-457. 
8. Munikrishnappa, P. M., Patil, A. A., Patil, V. S., Patil, 
B.N., Channappagoudar, B. B. and Alloli, T. B. 
(2013). Studies on the growth and yield parameters 
of different genotypes of China aster (Callistephus 
chinensis Nees). Karnataka J. Agri. Sci., 26(1):107-
110 
9. NavalinskienĖ, M., SamuitienĖ, M., and JomantienĖ, 
R. (2005). Molecular detection and characterization 
of phytoplasma infecting Callistephus chinensis 
plants in Lithuania. Phytopath. Polonica, 35: 109-112. 
10.Panwar S., Singh K.P., Janakiram T. and Namita. 
(2013). Exploitation of heterosis for growth related 
traits in African marigold (Tagetes erecta). Indian J. 
Agri. Sci., 83(7): 728-733. 
11.Pavani, U. 2014. Studies on combining ability and 
heterosis for qualitative and quantitative traits in Chi-
na aster (Callistephus chinensis (L.) Nees). Ph.D. 
Diss. Dr. Y.S.R. Horti. Uni., Tadepalligudem, Andhra 
Pradesh, India, p. 211. 
12.Singh, R.K. and Chaudhary, B.D. 1985. Biometrical 
methods in quantitative genetic analysis. Kalyani 
Publications. New Delhi. p.318. 
Bhargav, V. et al. / J. Appl. & Nat. Sci. 11(1): 1-6 (2019) 
